6
cultures at an equal cell concentration of 8000 cell/ml using an inoculum from a 122 culture acclimatized to a given temperature for 2 weeks. We monitored cell 123 concentration for 3 weeks using haemocytometer counts to ensure that the cultures 124 remained in the exponential phase. After 3 weeks, the cultures were harvested. One of 125 the three 5 °C cultures was discarded because it failed to grow. 126 127
Lipid analysis 128
Culture material was filtered onto precombusted 47 mm glass fiber filters 129 (Whatman, Piscataway, NJ), immediately frozen at -20 °C and then freeze-dried 130 overnight (Labconco, Kansas City, MO). We extracted the filters using 3 x 20 minute 131 bursts of sonication in 50 ml dichloromethane (DCM) and ran the total lipid extracts 132 using an Agilent 6890 Plus gas chromatograph flame ionization detector (GC-FID) 133 instrument for detection and quantification of alkenones using an internal C 36 n-alkane 134 standard and an external alkenone standard of known U K 37 temperature value to ensure 135 analytical precision (< 0.1 °C proxy-derived temperature). A Varian VF200 60 m 136 fused silica GC column (60 m × 250 µm width × 0.10 m width × 0.10 μm film thickness) was used as 137 follows: 100 °C (1 min) to 200 °C (held1 min) at 20 °C/min, then at 4 °C/min to 320 138
°C (held 5 min). 139 140

Results 141
Cultures 142
Triplicate cultures of P. paradoxa behaved similarly at each temperature 143 regime (Table 1) , with growth rate fluctuating only by 0.01 division/day. Growth rate 144
and alkenone concentration per cell displayed an inverse relationship ( Fig. 1) , with7 growth rate highest at 21 °C (1.01 division/day) and lowest at 5 °C (0.48 146 division/day) and alkenone concentration highest at 5 °C (1.961 pg/cell) and lowest at 147 21 °C (0.042 pg/cell). Final cell count was highest at 21 °C and lowest at 5 °C ( Table  148 1). The C 37:4 alkenone comprised almost 40% of the C 37 alkenones in the 5 °C culture 149 (Fig. 3) , although at all temperatures C 37:3 was the dominant alkenone (Fig. 4) The effect of growth rate on haptophyte U K 37 and U K' 37 values is unclear (Conte 173 et al., 1995; Epstein et al., 1998; Popp et al., 1998) . Studies have shown that 174 differences in alkenone indices can exist between batch methods and continuous 175 culture methods (Popp et al., 1998) although it is debated as to which of the two 176 methods more accurately replicates conditions in the natural environment. Growth 177 phase has also been shown to influence alkenone unsaturation in batch culture (Conte 178 et al., 1998; Epstein et al., 1998) , although continuous culture, and therefore constant 179 growth state, imparted no change on U K 37 values (Popp et al., 1998) . We harvested all 180 our culture sampless during exponential growth phase to control this variation. 181
The cultures demonstrated higher alkenone concentration per cell at the 182 slowest growth rate in the 5 °C culture (Table 1, Fig. 1 ). This agrees with 183 observations in culture for E. huxleyi and G. oceanica (Conte et al., 1998) . However, 184 low growth temperature often corresponds to low growth rate, so it is unclear wheter 185 or not low growth temperature alone would result in enhanced alkenone 186 accumulation. Alkenones are believed to serve as an energy storage molecule in 187 haptophytes (Epstein et al., 2001; Eltgroth et al., 2005) and the concentration per cell 188 increases during stationary growth phase and decreases after cultures are placed in the 189 dark (Epstein et al., 2001; Eltgroth et al., 2005) . The accumulation of alkenones at 190 low temperature and low growth rate, as seen here for P. paradoxa, may be the result9 of photosynthetic energy input exceeding cell capacity for growth and division 192 (Roessler, 1990) . 
Comparison with other species 204
P. paradoxa alkenones resembled other lacustrine haptophyte alkenone 205 profiles via a high abundance of the C 37:4 alkenone (Cranwell, 1985; Li et al., 1996; 206 Zink et al., 2001) . Like its close relative I. galbana CCMP1323, P. paradoxa had a 207 predominant C 37:3 alkenone and absence of the C 38 Me ketone ( signatures with dominant C 37:4 . Previously, C 37:4 (C 37:4 /C 37:4 +C 37:3 +C 37:2 ) as a % value 215 was proposed as a paleosalinity proxy (Roselle-Melé et al., 1994; 2002; Schulz et al., 216 2000; Sikes and Sicre, 2002; Bendle and Rosell-Melé, 2004) , although the lack of 217 correlation between salinity and C 37:4 alkenone % in a global array of lake systems 218 Mercer et al., 2005; Theroux et al., 2010; Toney et al., 2010 ) 219 instead suggests that the relationship between C 37:4 and salinity is a result of 220 haptophyte community shifts along a salinity or temperature gradient (Harada et al., 221 2003 (Harada et al., 221 , 2008 . 222 C 37:4 can range from 8-53% in C. lamellosa (Rontani et al., 2004) and 0-34% 223 in I. galbana (Marlowe et al., 1984) , and up to 96% in a series of lakes in China (Chu 224 et al., 2005) , with P. paradoxa salinity values fitting this range, with values between 225 6% at 24 °Cand 40% at 5 °C (Table 1, Fig. 4 ). The alkenone concentration was also 226 within the range observed for I. galbana (0.0098-0.61 pg/cell; Versteegh et al., 2001) . 227
The highest value for P. paradoxa (1.96 pg/cell) was close to the range observed in 228
an Isochrysis culture (1.8 pg/cell; Marlowe, 1984) . , 2006 Volkman et al., 2005) . Therefore, it is no surprise that different but 235
closely related haptophytes will also possess different U K 37 calibrations. The slopes of 236
calibrations across brackish haptophyte species are similar (Fig. 5) 
Application to the natural environment 245
Lake George, ND, harbors two alkenone producing haptophytes (Theroux et 246 al., 2010; Toney et al., 2011) , one closely related to P. paradoxa and one related to an 247 uncultured Ace Lake, Antarctica haptophyte (Volkman et al., 1988; Fulford-Smith 248 and Sikes, 1996; Coolen et al., 2004) . The downcore alkenone distribution in Lake 249
George is dominated by C 37:4 (Toney et al., 2010) and the distribution in an 250 enrichment culture of Lake George haptophytes was also C 37:4 -dominant (Toney et al., 251 2012) . In contrast, P. paradoxa cultures had abundant C 37:4 but dominant C 37:3 (Fig. 4) . 252
In cultures of P. paradoxa and Lake George haptophytes, the U K 37 calibration had a 253 more robust relationship to temperature than the U K' 37 calibration (Toney et al., 2012) , 254 a result of the abundant C 37:4 in both. The similarity in slope between the linear P. 255 paradoxa calibration and the Lake George in situ calibration (0.0226 and 0.0169, 256 respectively) suggests a significant alkenone contribution to Lake George alkenones 257 by P. paradoxa-like haptophyte (Fig. 5) . The offset between the Lake George in situ 258 U K 37 calibration and the P. paradoxa culture-based calibration may be explained by a 259 missing contribution from the second alkenone-producer in Lake George, the subject 260 of a current study (Theroux, 2012 similarity between the Lake George in situ calibration and the P. paradoxa calibration 278 reported in this study gives credence to the applicability of in situ U K 37 calibrations. 279
The failure of the P. paradoxa U K' 37 calibration to reconstruct temperature < 15 °C 280 highlights the importance of incorporating C 37:4 alkenones for temperature 281 reconstruction when P. paradoxa is the likely alkenone contributor, and such a rubric 282 may extend to all C 37:4 -abundant alkenone producers. As with all alkenone-based 283 temperature reconstructions, it is important to verify the continuity of alkenone 284 distributions throughout downcore sediments in order to apply a single calibration to 285 the temperature reconstruction. We anticipate future studies comparing both in situ 286 and culture-based U K 37 calibrations to further resolve species-specific modes of 287 alkenone production in lake environments. Brassell, S.C., Eglinton, G., Marlowe, I.T., Pflaumann, U., Sarnthein, M., 1986. 304 Molecular stratigraphy -a new tool for climatic assessment. Nature 320, 129-305
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